Psychologists, insofar as they have faced this question at all, have usually taken it for granted that the first answer is correct, but no proof of its correctness has ever been given.
The theoretical importance of the question lies in its bearing upon the laws of use and effect and upon certain theories of facilitation and inhibition in the nervous system.
The law of use asserts that, other things being equal, the more frequently S connects with or evokes any given R, the stronger becomes the tendency for it to do so in the future. If, for example, by some means R2 is somehow made to follow closely upon S a hundred times, the tendency for S to evoke R2 will become stronger than it was, and may become stronger than some other tendency, S ->. R1, which was originally stronger than it. This law has been generally accepted as a part of orthodox psychology.
The law of effect asserts that what happens as an effect or consequence or accompaniment or close sequel of a connection works back upon the connection to strengthen or weaken it. This law has not been so generally accepted.
If the first answer is true, the law of use has wide influence, though the law of effect may also be true. If the second answer is true, the law of use has a restricted influence, and some law of effect must be true. Also, if the quantitative increase in the strength of a more frequent response by its greater relative frequency, is very small, there is a similar, though not so extreme, magnification of the importance of the law of effect.
If the first answer is correct, there must be some physiological selection by repetition.
It may be a change at the synapses, whereby the repeated conduction of a stimulus over the same path actively enriches the tendency so to conduct at the expense of tendencies to conduct elsewhere. Or it may be some sort of selective integration, whereby the repeated action of more or less of the associative system as a whole in a certain pattern depresses the tendency for it to act in other patterns. Or it may be something else. But if an animal which responds to S by RI 90 times and by R2 10 times, by this mere fact of relative frequency, becomes an animal which responds to S by R1 91 times and by R2 9 times, and so on, until it is an animal which responds to S by R, 100 times and by R2 0 times, there has been some active influence of the physiological basis of S --R, upon the physiological basis of S -R2, increasing the probability of the former occurrence at the expense of the probability of the latter. On the other hand, if the first answer is false, or if the quantitative amount of influence of relative frequency upon future relative frequency in favor of the more frequent is small, we must be suspicious of "drainage" theories and the like, in general. The case of repetition strengthening the strong at the expense of the weak is a favored case for them.
The importance of the question and answer for the practical control of learning will be only briefly mentioned here. In proportion as repetition per se increases the strength of the more frequent connection at the expense of the strength of the less frequent, mere practice may be trusted to produce learning as soon as the desired connection is put at a level of strength above any other one connection, provided that other things (such as intensity, recency, or the effects of the connections) do not act against it in sufficient strength. In proportion as repetition per se simply confirms the status quo, mere practice will often be fruitless, and attention should be given to avoiding practice in error from the outset, and to making the effects of the connections such as will strengthen the desired one and weaken the others.
We have carried out an extensive and varied series of-experiments, the results of which all seem to show that the negative is the true answerthat the mere repetition of S, no matter how many times, does notstrengthen the stronger C's at the expense of the weaker. These experiments will be described fully and the quantitative results presented in detail in a special monograph. We shall give here only statements of their general nature and outcome.
In experiments I to IV S is a strip of a given length, and R1, R2, R3, etc., are estimates of the length. The initial frequencies (that is the frequencies up to time t) of C1, C2, C3, etc., vary from one out of thirty to from four to ten out of thirty. More estimates of S are then made, the last thirty of which are used for comparison with the first thirty. Twenty-five different S's were used, each one with six different individuals.
If we uniformly denote the initially most frequent response by R1, and its frequency in the first 30 by fi and its frequency in the last 30 by F1, F, does not on the whole exceed fi. In experiments V to XX, S is the signal "Draw a two-inch line" or "draw a three-inch line" or the like, given to a person whose eyes are kept closed so that he never sees any line that he draws. The responses are classified as RI, R2, R3, etc., according to their length. fi, f2, f3, etc., are determined from the first hundred or more occurrences, or from the occurrences in the first day or two of the experiment. The total number of repetitions of S varies from 750 to over 5000. We have records from eleven individuals, most of whom used four different lengths. Letting fi be the percentile frequency of the response of greatest initial frequency and F1 be the percentile frequency of that response at the end of the experiment, we find again no increase of F1 over fi.
Experiments XXI and XXII were of the same general plan as experiments V to XX. Angles were drawn instead of lengths. F, again shows no increase over fi.
In experiment XXIV,1 S was a word heard. R1, R2, R3, etc., were the numbers 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9. The subjects of the experiment were required to respond by writing some one of these numbers, whichever one came to mind when the word was heard. A total of 3840 words were heard, including 60 occurrences of admire, 60 occurences of bread and 40 occurrences each of able, answer, beast, cannot and six other words. These 520 occurrences were scattered throughout the 3840. Six individuals performed the experiment, hearing 320 words daily for twelve week-days.
We find R1 for the first twenty occurrences of each of the twelve words, as before; and find the gain in frequency of it in later successive tens. Taking all the 72 cases together, the initially most frequent response loses as often as it gains.
In experiment XXVI2 S was a sound (for example, aw as in saw), and RI, R2, R3, etc., were various ways of spelling it. The sounds a as in late, ee as in week, ow as in how, aw as in saw, o as in so, s as in so and c as in cow, were given from 210 to 294 times, in 480 nonsense words like kaseedawb and roganowr. Six subjects spelled these words. We find for each sound for each person the most frequent response in the first thirty occurrences and then observe what frequency it has in the last thirty. The f sound occurred 124 times in all, and for it we use the first and last twenty. The sum of the fi's is 899 out of a total frequency of 1480; that of the Fl's is 919 out of 1480. There is thus a gain of only two per cent.
The case of responding to a sound by a spelling is a favored case for mere repetition. The initially most frequent response has, on the average, a much greater frequency than all of its competitors put together have, and there are, in most cases, 246 or more repetitions. Yet persons retained the rare R2's, R3's, etc., at the end almost as at the beginning.
From these and other experiments we conclude that mere frequency of use of S >-R, does not strengthen it at the expense of weaker connections S -R2, S -R3, etc. Greater relative frequency is not a selective force. To explain the facts of modifiability some influence from the consequences of a connection is required. Facilitation and inhibition among the different connections from a situation are not explainable by "drainage" toward the stronger, and all physiological and psychological theories which involve similar forms of drainage are under suspicion. A selection of subjects to fairly represent these people was no mean task. In the first place the question of counties arose. The mountainous area of Kentucky occupies at least 30 counties. Three counties were selected. Two of these counties were chosen because they were still isolated, practically without railroads (two miles of road in one county, and eight in the second) but at the same time, through Settlement and Community schools, founded by outsiders, they had excellent educational facilities in some sections. The third county was selected for one of these reasons: A selection of subjects to fairly represent these people was no mean task. In the first place the question of counties arose. The mountainous area of Kentucky occupies at least 30 counties. Three counties were selected. Two of these counties were chosen because they were still isolated, practically without railroads (two miles of road in one county, and eight in the second) but at the same time, through Settlement and Community schools, founded by outsiders, they had excellent educational facilities in some sections. The third county was selected for one of these reasons:
